Introduction
============

Breast cancer (BC) is one of the most common types of cancer in women, and occurs in the breast gland epithelium ([@b1-ol-0-0-11440],[@b2-ol-0-0-11440]). In recent years, BC has accounted for \~22.9% of worldwide cancer diagnoses in women, whilst China accounted for 12.2% of all new diagnoses of BC and 9.6% of global BC-associated mortalities ([@b3-ol-0-0-11440],[@b4-ol-0-0-11440]). Despite significant advances in drug sensitivity and surgical techniques, metastasis still occurs frequently and represents the leading cause of advanced BC-associated mortality ([@b2-ol-0-0-11440]). Recently, research investigating potential molecular markers associated with the early diagnosis of relapse and metastasis has gained traction. This may help to identify possible therapeutic targets for BC.

MicroRNAs (miRNAs/miRs) have been demonstrated to influence the progression of various cancer types and have consequently become a research focus. It has been revealed that miRNAs are associated with tumor development and target mRNAs, resulting in regulation of cell aggressiveness, migration ability, invasiveness and apoptosis ([@b5-ol-0-0-11440],[@b6-ol-0-0-11440]). Additionally, miR-320 has been demonstrated to be expressed aberrantly in various cancer types. For example, Lieb *et al* ([@b7-ol-0-0-11440]) revealed that miR-320 is associated with the diagnosis and clinical features of prostate cancer. miR-320 has also been reported to have an inhibitory effect on gastric cancer progression and serves as a novel biomarker for its diagnosis and prognosis ([@b8-ol-0-0-11440]). Furthermore, miR-320 suppresses BC cell proliferation and invasiveness ([@b9-ol-0-0-11440]); however, the precise mechanism underpinning the role of miR-320 in BC has not yet been determined.

E74 Like ETS Transcription Factor 3 (ELF3) is also called ESE-1, and is typically associated with epithelial carcinoma ([@b10-ol-0-0-11440]). It has been reported to serve important roles in tumor progression and embryonic development ([@b11-ol-0-0-11440]). Notably, in various cancer types, ELF3 expression is dysregulated. For example, it is upregulated in colorectal ([@b12-ol-0-0-11440]), prostate ([@b13-ol-0-0-11440]) and lung cancer ([@b14-ol-0-0-11440]), whereas it is downregulated in oral squamous cell carcinoma ([@b15-ol-0-0-11440]) and ovarian cancer ([@b16-ol-0-0-11440]). Of note, the PI3K/AKT signaling pathway is considered a canonical regulator of tumorigenesis, the phosphorylation levels of PI3K and AKT may reflect the change of PI3K/AKT signaling pathway ([@b17-ol-0-0-11440]). Previous studies have revealed that ELF3 is a negative regulator of epithelial-mesenchymal transition (EMT) in ovarian cancer cells ([@b16-ol-0-0-11440]). In addition, miR-320 expression has been revealed to be downregulated in BC, but its precise molecular mechanism remains to be elucidated.

In the present study, the role of miR-320 and the exact mechanism underlying its role in modulating BC cell proliferation, invasiveness and migration ability were investigated. It was determined that miR-320 exerted an inhibitory effect on cell progression, and that ELF3 is a specific target of miR-320. Furthermore, it was revealed that miR-320 suppressed cell progression by regulating the PI3K/AKT signaling pathway. This indicated that the miR-320/PI3K/AKT signaling pathway may influence BC cell progression and may provide a novel therapeutic target for patients with BC.

Materials and methods
=====================

### Sample collection and cell culture

The present study was approved by the Ethics Committees of Baoding First Central Hospital (approval no. BD-2015-07-A0034). In total, 52 patients with breast cancer (all female) were selected as subjects for this study, which was conducted between January 2015 and December 2018 in Baoding First Central Hospital (Baoding, China). The patients\' tumor tissue and adjacent normal tissues (≥5 cm from the tumor border) were removed surgically and collected. Samples were verified as BC by an experienced pathologist and fresh frozen in liquid N~2~ prior to use. The ages of the 52 BC patients ranged from 38--69 years, and 59 years was the median age. The entire study was compliant with the Helsinki Declaration.

RPMI-1640 medium (HyClone; GE Healthcare Life Sciences) containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 µg/ml streptomycin and 100 U/ml penicillin (Beyotime Institute of Biotechnology) was used to maintain BC cell lines (MCF-7, SK-BR-3, MDA-MB-231 and Hs578T) and normal human mammary gland cells (Hs578Bst), which were purchased from American Type Culture Collection. The cells were incubated at 37°C with 5% CO~2~ in a humidified chamber.

### Cell transfection

miR-320 mimic, miR-320 inhibitor, control mimic and control inhibitor, ELF3 overexpressing pcDNA3.1-ELF3 plasmid (ELF3 vector) and their negative controls (control vector) were produced by Shanghai GenePharma Co., Ltd. The sequences were: miR-320 mimic, 5′-AAAAGCUGGGUUGAGAGGGCGA-3′; miR-320 inhibitors, 5′-UCGCCCUCUCAACCCAGCUUUU-3′; control mimic, 5′-UCACAACCUCCUAGAAAGAGUAGA-3′; and control inhibitor, 5′-UCUACUCUUUCUAGGAGGUUGUGA-3′ (Shanghai GenePharma Co, Ltd). MCF-7 and SK-BR-3 cells (2.0×10^5^) were inoculated into 6-well plates and transfected using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) as per the recommended protocols (100 nM of miRNAs per sample). After transfection for 48 h, the cells were collected for subsequent experiments. The reverse transcription-quantitative polymerase chain reaction (RT-qPCR) or western blotting assays were used to evaluate transfection efficiency.

### RT-qPCR

TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract total RNA from BC cells (MCF-7 and SK-BR-3 cells) or tumor samples, following the manufacturer\'s instructions. The first-strand complementary DNA was synthesized using the ReverTraAce qPCR RT kit (Toyobo Life Science), according to the manufacturer\'s protocol. qPCR was performed using the 7500 FAST RT-PCR system (Thermo Fisher Scientific, Inc.). The 2^−ΔΔCq^ ([@b18-ol-0-0-11440]) method was used to calculate and quantify the relative expression of miR-320 and ELF3 after standardization to the endogenous controls U6 and GAPDH, respectively. Reaction conditions are as follows: Pre-denaturation at 95°C for 10 min, and 35 cycles of denaturation at 95°C for 10 sec, annealing at 60°C for 20 sec and extending at 72°C for 2 min. The sequences of primers were as follows: miR-320 forward, 5′-ACACTCCAGCTGGGAAAAGCTGGGTTGAG-3′ and reverse, 5′-CTCAACTGGTGTCGTGGA-3′; ELF3 forward, 5′-CATGACCTACGAGAAGCTGAGC-3′ and reverse, 5′-GACTCTGGAGAACCTCTTCCTC-3′; U6 forward, 5′-CTCGCTTCGGCAGCACA-3′ and reverse, 5′-AACGCTTCACGAATTTCGT-3′; and GAPDH forward, 5′-GCACCGTCAAGGCTGAGAAC-3′ and reverse, 5′-ATGGTGGTGAAGACGCCAGT-3′.

### Western blot analysis

RIPA lysis buffer with protease inhibitor (Beyotime Institute of Biotechnology) was used to extract total protein from MCF-7 and SK-BR-3 cells. Total protein concentration was calculated using the bicinchoninic acid (BCA) Protein assay kit (Pierce; Thermo Fisher Scientific, Inc.). A total of 50 µg/lane of protein was loaded onto 8--15% polyacrylamide gels and then transferred to nitrocellulose membranes. Non-specific binding was blocked using 5% non-fat milk for 2 h at room temperature. The primary antibodies were added to incubate the membrane at 4°C overnight, which was followed by incubation with horseradish-peroxidase (HRP)-conjugated secondary antibodies for 2 h at room temperature. Rabbit monoclonal ELF3 antibody (1:500; cat. no. ab133621), rabbit polyclonal E-cadherin antibody (1:500; cat. no. ab15148), rabbit monoclonal N-cadherin antibody (1:500; cat. no. ab92547), rabbit monoclonal vimentin antibody (1:500; cat. no. ab202030), rabbit monoclonal PI3K antibody (1:500; cat. no. ab32089), rabbit polyclonal phosphorylated (p)-PI3K antibody (1:500; cat. no. ab182651), rabbit polyclonal Akt antibody (1:500; cat. no. ab8805), rabbit monoclonal p-Akt antibody (1:500; cat. no. ab81283), rabbit polyclonal GAPDH antibody (1:500; cat. no. ab37168) and secondary goat anti-rabbit (HRP) IgG antibody (1:2,000; cat. no. ab6721) were all purchased from Abcam. An enhanced chemiluminescence kit (EMD Millipore) was used to detect the signals. The target protein:GAPDH expression level ratio was used to evaluate the relative target protein expression.

### Transwell assay

Cell migration ability and invasiveness were measured using Transwell assays. In cell migration analysis, MCF-7 and SK-BR-3 cells (1×10^6^) were seeded into the upper chamber (8-µm pore size inserts). The RPMI-1640 medium in the upper chamber was serum-free, and the medium in the lower chamber contained 10% FBS which served as a chemoattractant. After incubation for 24 h at 37°C, PBS was used to wash the inserts and a cotton swab was used to remove non-migrated cells. The migrated cells in the lower chamber were fixed using 100% methanol for 5 min at 4°C, stained with 0.05% crystal violet for 10 min at 4°C and then imaged using a light microscope (magnification, ×200; Olympus Corporation). The process of determining cell invasiveness was identical to cell migration analysis, except that the Transwell membranes were pre-coated with 1 mg/ml Matrigel at 4°C.

### MTT assay

The MTT assay (Sigma-Aldrich; Merck KGaA) was used to measure the viability of MCF-7 and SK-BR-3 cells. The cells were seeded into 96-well plates at a density of 5×10^3^ cells/well and then cultured in an incubator at 37°C with 5% CO~2~. MTT (20 µl) was added into each well to measure cell viability and incubated for another 4 h at 37°C. After incubation, the medium was removed and 150 µl DMSO was added into the wells to dissolve the formazan crystals at 37°C. The cell viability was calculated by measuring the optical density at 490 nm.

### Xenograft experiment

A xenograft tumor formation assay was used for the tumor growth assay *in vivo*. A total of 16 female nude mice (3--5 weeks old, 18--22 g) were purchased from the Shanghai SLAC Laboratory Animal Co., Ltd. All animal experiments were approved by the Ethics Committee of Baoding First Central Hospital. During the course of experiments, the mice were kept in pathogen-free animal facilities with controlled temperature and humidity, under a 12 h light/dark cycle, and with free access to food and water. The nude mice were randomly divided into two groups. MCF-7 cells (1×10^6^) transfected with miR-320 mimic or miR-negative control were added into the RPMI-1640 medium (100 µl, HyClone; GE Healthcare Life Sciences). Subsequently, 5×10^5^ MCF-7 cells were injected into the right flank of nude mice subcutaneously. A vernier caliper was used to measure the xenograft tumor size every 4 days, and the following formula was applied to calculate the tumor volume: 0.5 × tumor width × tumor length. At 28 days after inoculation, the mice were sacrificed and the tumors were used for further analysis.

### Immunohistochemistry assay

Firstly, paraffin sections (6-µm thick) were fixed using 4% paraformaldehyde for 30 min at 37°C and then incubated with 3% H~2~O~2~ in PBS for 15 min at 37°C. Following blocking with 5% goat serum at temperature for 2 h at 37°C, the primary antibody anti-ELF3 (1:1,000, cat. no. ab133621, Abcam) was added and incubated for 48 h at 4°C. Subsequently, the sections were incubated with biotinylated goat anti-rabbit IgG (1:500; cat. no. sc-2004; Santa Cruz Biotechnology, Inc.) for 1 h at 37°C. The sections were stained using diaminobenzidine mixture (Beijing Solarbio Science & Technology Co., Ltd.) for 30 min at 37°C and then dehydrated using a graded alcohol series, cleared using xylene and coverslipped using neutral balsam. Finally, the protein density per section was determined using Image Pros Plus 5.0 software (Media Cybernetics). Images were captured with a fluorescence microscope (IX71, Olympus Corporation).

### Dual luciferase reporter assay

Bioinformatics tools (TargetScanHuman 7.1, <http://www.targetscan.org/vert_71/>) were used to predict the miR-320 binding sites of ELF3. The recombinant pMIR-reporter luciferase vector was applied for luciferase assays. The wild or mutant type of ELF3-3′ untranslated region (3′UTR; containing miR-320 binding sites) were synthesized and then cloned into the pMIR-reporter luciferase vector (Promega Corporation). MCF-7 cells were co-transfected with miR-320 mimic and vector using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). MCF-7 cells were seeded into 48-well plates at a density of 5×10^4^ cells per well. After transfection for 48 h at 37°C, the Dual Luciferase Reporter assay system (Promega Corporation) was used to measure the luciferase activity. The relative luciferase activity was normalized to *Renilla* luciferase activity 48 h after transfection.

### Statistical analysis

Data are presented as the mean ± SD and all experiments were repeated in triplicate. The difference between two groups was compared using the unpaired two-tailed Student\'s t-test, and one-way ANOVA followed by Bonferroni\'s post hoc analysis was used to measure the significance of comparisons among more than two groups. Pearson\'s correlation analysis was used to assess the correlation between miR-320 and ELF3 expression. The overall survival was calculated using Kaplan-Meier survival analysis and log-rank tests. SPSS v19.0 software (IBM Corp.) was used to perform statistical analyses. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### miR-320 is downregulated in BC and associated with a poor prognosis in patients with BC

Primarily, miR-320 expression in BC tissues was detected using RT-qPCR and the results revealed that miR-320 was significantly downregulated in BC tissues compared with in normal tissues ([Fig. 1A](#f1-ol-0-0-11440){ref-type="fig"}). Subsequently, miR-320 expression in four BC cell lines was determined and it was demonstrated that miR-320 expression was downregulated significantly in all BC cell lines compared with in normal cells ([Fig. 1B](#f1-ol-0-0-11440){ref-type="fig"}). Kaplan-Meier analysis revealed that the survival time of patients with high miR-320 expression was longer compared with patients in the low miR-320 expression group ([Fig. 1C](#f1-ol-0-0-11440){ref-type="fig"}).

### ELF3 is a target of miR-320 in BC cells

To investigate the mechanism underlying the role of miR-320 in the progression of BC, TargetScanHuman 7.1 was first applied to predict the potential targets of miR-320, and ELF3 was identified as one of the candidate targets ([Fig. 2A](#f2-ol-0-0-11440){ref-type="fig"}). Subsequently, a dual-luciferase reporter assay was performed to further explore whether ELF3 represented a direct target of miR-320 in BC cells. It was revealed that the luciferase activity of ELF3-3′UTR-wild type was significantly decreased in MCF-7 and SK-BR-3 cells after transfection with a miR-320 mimic and pMIR-reporter luciferase vector, whereas there was no significant change in the mutant-type group ([Fig. 2B](#f2-ol-0-0-11440){ref-type="fig"}), suggesting that ELF3 was a direct target of miR-320. Therefore, to confirm and further investigate the effects of miR-320 on ELF3 expression, a miR-320 mimic, miR-320 inhibitor, control mimic and control inhibitor were transfected to artificially regulate the expression levels of miR-320 in MCF-7 and SK-BR-3 cell lines. As shown in [Fig. 2C](#f2-ol-0-0-11440){ref-type="fig"}, the introduction of miR-320 mimic could significantly upregulate the expression level of miR-320, while the miR-320 inhibitor could inhibit the expression of miR-320. Next, western blotting and RT-qPCR were carried out to investigate the effects of miR-320 on ELF3 expression. It was demonstrated that ELF3 expression was suppressed by a miR-320 mimic, and elevated by miR-320 inhibitor in both BC cell lines ([Fig. 2D and E](#f2-ol-0-0-11440){ref-type="fig"}). Pearson correlation analysis revealed a negative correlation between ELF3 and miR-320 expression in the 52 tumor samples ([Fig. 2E](#f2-ol-0-0-11440){ref-type="fig"}; R=−0.6769; P\<0.0001), indicating that miR-320 may regulate ELF3 expression negatively by binding to the 3′UTR of ELF3.

### ELF3 is upregulated in BC tissues and associated with a poor prognosis in patients with BC

ELF3 expression was detected in BC tissues using immunohistochemistry and it was discovered that ELF3 protein was localized in the cytoplasm of BC tissues ([Fig. 3A](#f3-ol-0-0-11440){ref-type="fig"}) and the staining intensity of ELF3 was higher in BC tissues compared with in normal tissues ([Fig. 3B](#f3-ol-0-0-11440){ref-type="fig"}). Kaplan-Meier analysis revealed that the survival rate of patients with BC in the low-ELF3 expression group was markedly higher compared with that of patients in the high-ELF3 expression group ([Fig. 3C](#f3-ol-0-0-11440){ref-type="fig"}).

### ELF3 rescues the inhibitory effect of miR-320 on BC cell proliferation, migration ability and invasiveness

miR-320 mimic was successfully transfected into MCF-7 and SK-BR-3 cells to increase miR-320 expression levels, and the ELF3 vector was successfully transfected into MCF-7 and SK-BR-3 cells to increase the ELF3 expression level ([Fig. 4A](#f4-ol-0-0-11440){ref-type="fig"}). MTT results determined that promoting miR-320 expression by transfection with a miR-320 mimic inhibited the proliferation of MCF-7 and SK-BR-3 cells, and that ELF3 overexpression partially reversed this effect ([Fig. 4B and C](#f4-ol-0-0-11440){ref-type="fig"}). Transwell migration assays revealed that overexpression of miR-320 suppressed the migration ability of MCF-7 and SK-BR-3 cells, while ELF3 overexpression partially rescued this miR-320-mediated suppressive effect ([Fig. 4D](#f4-ol-0-0-11440){ref-type="fig"}). The invasion assay revealed similar results; ELF3 expression was associated with promotion of the invasiveness of BC cells reduced by miR-320 ([Fig. 4E](#f4-ol-0-0-11440){ref-type="fig"}). Taken together, the current results indicated that miR-320 inhibits BC cell proliferation, migration and invasiveness, and that ELF3 expression partially rescues the aforementioned inhibitory effects.

### miR-320 inhibits tumor growth in nude mice

Subsequently, the effect of miR-320 expression on tumor growth was examined *in vivo*. MCF-7 cells transfected with a miR-320 mimic were injected into nude mice subcutaneously. The tumor volume was measured every 4 days. After 28 days, the mice were sacrificed, and the xenograft tumors were collected for further analysis. It was revealed that miR-320 overexpression inhibited the xenograft tumor growth ([Fig. 5A](#f5-ol-0-0-11440){ref-type="fig"}) and the tumor cell xenografts exhibited a slower growth rate in the miR-320 mimic group compared with in the control group ([Fig. 5B](#f5-ol-0-0-11440){ref-type="fig"}). In addition, the tumor weight in the miR-320 mimic group was significantly lower than in the control group ([Fig. 5C](#f5-ol-0-0-11440){ref-type="fig"}).

### miR-320/ELF3 axis modulates epithelial-mesenchymal transition (EMT) and PI3K/AKT signaling pathways in BC cells

The influence of the miR-320/ELF3 axis on the EMT and PI3K/AKT signaling pathways was examined in BC cells. Western blotting was used to detect E-cadherin, N-cadherin, vimentin, PI3K, p-PI3K, AKT and p-AKT protein levels in MCF-7 and SK-BR-3 cells, following transfection with miR-320 mimic or miR-320 mimic co-transfected with an ELF3 vector. As [Fig. 6A](#f6-ol-0-0-11440){ref-type="fig"} indicates, the miR-320 mimic increased E-cadherin expression, while it decreased N-cadherin and vimentin expression. Furthermore, ELF3 partially reversed the miR-320-mediated effect on EMT-associated markers. In addition, p-PI3K and p-AKT protein levels in the miR-320 mimic group were decreased compared with those in the control group, and ELF3 partially rescued the miR-320-mediated inhibitory effect on the PI3K/AKT signaling pathway ([Fig. 6B](#f6-ol-0-0-11440){ref-type="fig"}), suggesting that miR-320 regulated the EMT and PI3K/AKT signaling pathway by targeting ELF3 in BC.

Discussion
==========

miRNA dysregulation is closely associated with a variety of cancer types, and previous studies have revealed that miRNAs may be associated with tumor progression and prognosis ([@b19-ol-0-0-11440]--[@b21-ol-0-0-11440]). Comprehending the molecular mechanism underlying the influence of miRNAs in the progression of cancer may help identify novel treatment strategies. In the present study, it was discovered that miR-320 expression was downregulated in BC tissues and cells. Overexpression of miR-320 inhibited BC cell progression *in vitro* and tumor growth *in vivo*. Furthermore, ELF3 was identified as the target of miR-320, and miR-320/ELF3 was demonstrated to regulate the PI3K/AKT signaling pathway.

It has been demonstrated in large-scale studies that miRNAs influence BC progression by serving as oncogenes or tumor suppressors. For example, miR-590 has been revealed to suppress cell proliferation of BC via targeting of activating transcription factor 3 ([@b22-ol-0-0-11440]). Yan *et al* ([@b23-ol-0-0-11440]) reported that miR-125 suppresses BC progression by inhibiting BRCA1 associated protein 1. Inversely, miR-19b serves as an oncogene in BC and enhances cell proliferation ([@b24-ol-0-0-11440]), and overexpression of miR-181a has been revealed to promote BC cell migration ([@b25-ol-0-0-11440]). Regarding studies of the role of miR-320 in BC, Luo *et al* ([@b26-ol-0-0-11440]) reported that increased miR-320 expression suppresses BC cell proliferation, invasiveness and migration via regulation of aquaporin 1 (AQP1). Furthermore, miR-320 inhibits BC cell progression via upregulation of SRY-box transcription factor 4 ([@b9-ol-0-0-11440]). These previous studies were consistent with the present study which reported that miR-320 expression was downregulated in BC tissues and cells, and miR-320 inhibited BC cell progression. Furthermore, to the best of our knowledge, it was reported for the first time that ELF3 represents a direct target of miR-320 in modulating BC progression.

Previously, it has been revealed that different miRNAs may regulate a common target gene or one miRNA may regulate multiple target genes in tumors ([@b27-ol-0-0-11440]). Numerous genes have been identified as targets of miR-320 in a wide variety of cancer types. For instance, AQP1 serves as a target of miR-320 to regulate BC progression ([@b26-ol-0-0-11440]). Forkhead box protein M1 influences the progression of glioma and is regulated by miR-320 ([@b28-ol-0-0-11440]). Notably, several studies have demonstrated that ELF3 is a target gene of certain miRNAs in other cancer types, and serves as an oncogene. Zhao *et al* ([@b29-ol-0-0-11440]) reported that ELF3 is upregulated in lung cancer and serves as the target of miR-320a in regulating lung cancer progression. Furthermore, ELF3 promotes EMT in hepatocellular carcinoma and has been identified as a target of miR-141 ([@b30-ol-0-0-11440]). In the present study, the results indicated that ELF3 was a target of miR-320 in BC. Upregulation of miR-320 inhibited ELF3 expression and there was a negative correlation between miR-320 and ELF3 expression. ELF3 was downregulated in BC and associated with the prognosis of patients with BC.

The PI3K/AKT signaling pathway has been demonstrated to serve important roles in various pathophysiologic processes, including tumor growth, apoptosis, migration and invasiveness, as well as in EMT ([@b31-ol-0-0-11440],[@b32-ol-0-0-11440]). Certainly, the PI3K/AKT signaling pathway serves a central role in the progression of BC ([@b33-ol-0-0-11440]). It has previously been reported that the activation of ELF3 may inhibit the PI3K/AKT signaling pathway in lung cancer regulated by miR-320 ([@b14-ol-0-0-11440],[@b29-ol-0-0-11440]). The present study revealed that overexpression of miR-320 in MCF-7 and SK-BR-3 cells inhibited the PI3K/AKT signaling pathway, and ELF3 may reverse the inhibitory effect of miR-320 on the PI3K/AKT signaling pathway. The combined use of PI3K/AKT inhibitors may help to further elucidate the PI3K/AKT signaling pathway. The limitation of the present study was only exploring whether the PI3K/AKT signaling pathway influenced miR-320-regulated progression.

In conclusion, it was demonstrated that miR-320 targeted ELF3 to suppress BC cell progression via regulation of PI3K/AKT signaling. miR-320 may, therefore, represent a novel cellular therapeutic target for the treatment of patients with BC.
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![miR-320 expression in BC tissues. (A) miR-320 expression was downregulated in BC tissues compared with in normal tissues (n=52). \*\*P\<0.01. (B) miR-320 was downregulated in BC cells (MCF-7, SK-BR-3, MDA-MB-231 and Hs578T) compared with in normal human mammary gland Hs578Bst cells. \*P\<0.05 vs. Hs578T cells. (C) High expression of miR-320 was associated with longer overall survival time in patients with BC. BC, breast cancer; miR, microRNA.](ol-19-04-3239-g00){#f1-ol-0-0-11440}

![ELF3 is a target of miR-320 in BC cells. (A) Binding sites of miR-320 and ELF3 were predicted using TargetScanHuman 7.1. (B) Luciferase activities in MCF-7 and SK-BR-3 cells were downregulated after co-transfection with miR-320 mimic and ELF3-3′-UTR-wild type. (C) Expression levels of miR-320 in MCF-7 and SK-BR-3 cell lines were measured by reverse transcription-quantitative PCR following transfection with miR-320 mimic, miR-320 inhibitor, control mimic and control inhibitor. (D) ELF3 protein level and (E) ELF3 mRNA expression were downregulated or upregulated in MCF-7 and SK-BR-3 cells after treatment with miR-320 mimic or inhibitor. (F) ELF3 expression and miR-320 expression in BC tissues (n=52) were negatively correlated (R=−0.6769; P\<0.0001). \*P\<0.05, \*\*P\<0.01 vs. normal tissues. BC, breast cancer; miR, microRNA; ELF3, E74-like factor 3; 3′UTR, 3′ untranslated region](ol-19-04-3239-g01){#f2-ol-0-0-11440}

![Expression of ELF3 in BC tissues. (A) Positive ELF3 protein expression was located in the cytoplasm of BC tissues. Scale bar, 100 µm. (B) ELF3 protein expression was increased in BC tissues compared with in normal tissues. (C) Low expression of ELF3 predicted a higher overall survival in patients with BC. \*\*P\<0.01. BC, breast cancer; ELF3, E74-like factor 3; IHC, immunohistochemistry; NC, negative control.](ol-19-04-3239-g02){#f3-ol-0-0-11440}

![Inhibitory effect of miR-320 on BC cell proliferation, migration and invasion is reversed by ELF3. (A) miR-320 expression was higher in MCF-7 and SK-BR-3 cells after transfection with miR-320 mimic, and ELF3 expression was increased after transfection with ELF3 vector. (B) MCF-7 and (C) SK-BR-3 cell viability was decreased after transfection with miR-320 mimic, while it was increased when combined with ELF3 vector. (D) Cell migration and (E) invasion rates were decreased in MCF-7 and SK-BR-3 cells after transfection with miR-320 mimic, whereas they were increased after transfection with miR-320 mimic + ELF3 vector. Scale bars, 100 µm. \*\*P\<0.01. BC, breast cancer; miR, microRNA; ELF3, E74-like factor 3; OD, optical density.](ol-19-04-3239-g03){#f4-ol-0-0-11440}

![Effect of miR-320 on tumor growth *in vivo*. (A) Images of tumors overexpressing miR-320 mimic. (B) Growth rate of tumors transfected with miR-320 mimic was significantly lower compared with the control group at 24 and 28 days. (C) Tumor weight was significantly lower in the miR-320 mimic group compared with in the control group. \*\*P\<0.01 vs. control mimic group. miR, microRNA.](ol-19-04-3239-g04){#f5-ol-0-0-11440}

![EMT and PI3K/AKT signaling pathway may be regulated by the miR-320/ELF3 axis in BC cells. (A) E-cadherin expression was upregulated, and N-cadherin and vimentin expression were downregulated in MCF-7 and SK-BR-3 cells after transfection with miR-320 mimic. ELF3 partially reversed the effect on EMT-associated marker expression. (B) Phosphorylation of PI3K and AKT was downregulated in MCF-7 and SK-BR-3 cells after transfection with miR-320 mimic, and ELF3 expression partially reversed the effect on the PI3K/AKT pathway. EMT, epithelial-mesenchymal transition; miR, microRNA; ELF3, E74-like factor 3; p-, phosphorylated-.](ol-19-04-3239-g05){#f6-ol-0-0-11440}
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